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CAMERA CONTROL SYSTEM AND ASSOCIATED PAN/TILT HEAD 

This application claims the benefit of U.S. Provisional Patent 
Application Sen No. 60/455,273, filed on March 17, 2003, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF INVENTION 

[0001] The invention relates to a control system for a camera. It finds particular 
application in conjunction with a pan/tilt head and associated methods for controlling 
one or more cameras and will be described with particular reference thereto. 
However, it is to be appreciated that the invention is also amenable to other 
applications. For example, the pan/tilt head may be used to control another type of 
payload in stead of a camera payload. 

[0002] In the design of any camera control system, an important factor to be 
considered is the camera's center of gravity (e.g.). The farther the camera's e.g. is 
from either motion axis (such as motion around the vertical axis, otherwise known as 
"pan" or the around the horizontal axis, known as "tilt") the more torque will be 
needed to move the camera to the desired location. Historically, designers of remote 
control pan/tilt camera heads have dealt with the issue of camera e.g. in one of two 
ways. 

[0003] . In one approach, previous designers chose one or the other (vertical or 
horizontal) axis and rotated the camera around its e.g. in that axis only. If the 
designers choose to rotate the camera around the vertical axis, then the camera is 
mounted on the top of the device. The problem with this design is that as soon as the 
camera is tilted or moved around the horizontal axis, the weight of the camera is 
shifted forward or backward. This weight must then be lifted in order to revert to the 
original position and, until that is done, the whole system of camera and mount is in 
an xmbalanced state. This imbalance requires more motor force to move the camera. 
If the designers choose to rotate the camera around the horizontal axis, thien the 
camera is mounted from the side of the device. Here, the camera may be tilted up 
and down without shifting its weight forward and backward, but additional torque is 
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required to pan the camera since the e.g. of the camera is offset from the center of 
rotation around the vertical axis. 

[0004] In other approaches, previous designs feature the camera moving both 
horizontally and vertically around the camera's e.g. This is done using a relatively 
large framework and "L-shaped" or "U-shaped" bracket. The tilting motor and 
bearings are located to the side of the camera, and the panning motor and bearings are 
located directly below (or above) the camera. Though the camera usually remains 
balanced, it is at the expense of a larger and heavier support framework, which must 
be moved right along with the camera as it is panned. ^ 

[0005] The concept of the circular sled design has existed for many years in the 
design of traditional pan/tilt heads for cameras in the film industry because of the 
requirements of large and heavy film cameras. In every previous design, the sled 
moves independently from the main chassis body with respect to vertical tilting 
around the horizontal axis, it does not do so with respect to the panning motion. 
Previously, horizontal panning was initiated at the base of the entire chassis requiring 
that the entire assembly (camera and pan/tilt head) be moved from left to right. This 
is also the case with the prior camera mount configurations described above. In 
every previous design, the camera and its moimting plate are not isolated from the 
motor chassis and supporting framework with respect to motion around both the 
vertical and horizontal axes. 

[0006] In previous motorized pan/tilt head designs, the path of the transmission of 
power from the motor to the camera mounting structure is along a different axis for 
movement in the horizontal plane and the vertical plane. Therefore movement 
around one axis changes the positional relationship and the contact point between the 
camera mounting structure and the motor for movement around the other axis. In 
prior remote control pan/tilt head designs, the solution invariably chosen involved 
isolating the camera mounting bracket from the motor chassis and structural 
framework with respect to movement around the horizontal axis (tilting) while 
locking the camera mounting bracket to the motor chassis with respect to movement 
around the vertical axis (panning). In other words, when tilting, only the camera and 
moxmting bracket moves, but when panning, the entire device, including both motors, 
is moved. This increases the torque requirement of the panning niotor significantly. 
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Once again, with the invention, the main body of the pan/tih head as well as both pan 
and tilt motors remain stationary as the camera and its mounting "sled" move around 
both the horizontal and vertical axes. 

[0007] In the past, the bottom surfaces of circular sled runners have had a flat 
cross-section enabling it to roll smoothly over the flat races of either ball or roller 
bearings. Of course free movement forward and backward over the bearings is 
necessary, but side to side play is imdesirable. 

[0008] Methods for controlling any remote control pan/tilt head have typically 
fallen into three categories. Most common is the "joystick" method of control. As 
the operator pushes a switched lever either left, right, up or down, the camera moves 
likewise. The problem with this method is that it is not natural for a trained camera 
operator. It is difficult to make gentle or subtle moves because there is no sensory 
feedback to your hand which signals how the camera is responding. The resultant 
moves invariably look very mechanical and unnatural. The second method employs a 
computer interface to convert either pressure on a pressure sensitive tablet or touch 
sensitive screen into commands for the remote control camera head. Though with 
practice, this is probably preferable to a joystick, it still does not provide enough 
feedback or information to the user to make lifelike camera moves. The third method 
uses an electromechanical control arm identical in size and feel to the arm on a 
traditional mechanical pan/tilt head. Cvirrently, this type of electromechanical control 
arm has been implemented using a traditional mechanical panning head at its center. 
Two position encoders (one for each axis of movement) are added to this head. As 
the operator manipulates the mechanical pan/tilt head, the computer reads the signals 
from the encoders that correspond to movements in the controller head. The 
computer then translates these signals into movement commands for the remote 
control head. The camera moves exactly in tandem with the control arm. The 
distance the controller moves is the distance the camera moves. The speed the 
controller is pushed corresponds to the speed that the camera moves. This offers 
feedback for smooth "human" camera moves. With a joystick, typically the distance 
that the lever is displaced from its center is proportional to the speed at which the 
camera moves. There is no correspondence between the distance the joystick lever is 
pushed and the distance the camera moves. 
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[0009] Previous implementations of a computer control interface have offered 
little more in the way of visual feedback cues than a simple joystick- For example, as 
you touch a screen or pressure sensitive tablet farther away from the center of the 
control area the camera moves faster in that direction. This relies on the operator 
judging the center of the control area as he is concentrating on the picture in his 
monitor, which can be difficult. Particular attention is required when the operator 
wants to slow his camera gradually to a stop. He is required to follow an imaginary 
path back to the center with his finger and if he overshoots the center point of the 
control area even slightly, the camera image will appear to back up. 
[0010] Thus, there is a particular need for improvements to existing equipment 
and methods for controlling camera systems. The invention contemplates a new and 
improved camera control system with a pan/tilt head that overcomes at least one of 
the above-mentioned problems and others. 

BRIEF SUMMARY OF INVENTION 

[0011] In one aspect of the invention, an apparatus for controlling one or more 
cameras is provided. The apparatus includes: a mounting sled, including a sled top 
disposed between two sled runners, wherein a lower surface of each sled runner is 
formed by a circular arc having a determined diameter, a tilt drive motor, a tilt drive 
train in operative communication with the tilt drive motor and the moxmting sled, the 
tilt drive train including a tilt drive shaft having an axis extending in a perpendicular 
direction with respect to the sled top, wherein operation of the tilt drive motor moves 
the mounting sled in a tilt direction, a pan drive motor, and a pan drive train in 
operative communication with the pan drive motor and the mounting sled, the pan 
drive train including a pan drive shaft extending in a perpendicular direction with 
respect to the sled top along the axis of the tilt drive shaft such that the pan drive shaft 
receives the tilt drive shaft and turns independently and concentrically about the tilt 
drive shaft, wherein operation of pan drive motor moves the mounting sled in a pan 
direction. The apparatus is adapted such that the sled top receives a camera such that 
the center of gravity of the camera is aligned with the diameters of the circular arcs of 
both sled runners along a horizontal axis and the vertical axis of the tilt and p£in drive 
shafts. 
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[0012] Benefits and advantages of the invention will become apparent to those of 
ordinary skill in the art upon reading and understanding the description of the 
invention provided herein. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] The invention is described in more detail in conjunction with a set of 
accompanying drawings. 

[0014] Figure 1 is an embodiment of a pan/tilt head with a 90-degree cutaway 
form. 

[0015] Figure 2 is another view of the pan/tilt head of Figure 1 with a different 
cutaway form 

[0016] Figure 3 is another embodiment of a pan/tilt head. 

[0017] Figure 4 is yet another embodiment of a pan/tilt head with a display 
monitor installed thereon. 

[0018] Figure 5 is another view of the pan/tilt head of Figure 4 with a video 
camera installed thereon. 

[0019] Figure 6 shows an exemplary computer display during operation of the 
camera control system. 

[0020] Figure 7 shows another exemplary computer display during operation of 
the camera control system. 

[0021] Figure 8 shows yet another exemplary computer display during operation 
of the camera control system, 

[0022] Figure 9 shows still another exemplary computer display during operation 
of the camera control system. 

[0023] Figure 1 0 is still another embodiment of a pan/tilt head. 

[0024] Figure 1 1 show a cross sectional view of an enibodiment of a sled runner 

associated with a pan/tilt head, 

DETAILED DESCRIPTION 

[0025] While the invention is described in conjunction with the accompanying 
drawings, the drawings are for purposes of illustrating exemplary embodiments of the 
invention and are not to be construed as limiting the invention to such embodiments. 



5 N:\DMMZ\20000 IVACBOOOOl 8 1 VOOl ,doc 



DMMZ 200001 



It is understood that the invention may take form in various components and 
arrangement of components and in various steps and arrangement of steps beyond 
those provided in the drawings and associated description. Within the drawings, Hke 
reference numerals denote like elements. 

[0026] The camera control system is comprised of several discrete components, 
which combine to provide camera control while giving special consideration to the 
parameters of camera payload weight, speed of movement, physical size, visual 
obtmsiveness, audible noise, and movement consistent with that of a traditional 
hximan operated mechanical pan/tilt head. In other words, an associated pan/tilt head 
is small, light, quiet, and able to support and quickly move a large camera from one 
position to another in a manner indistinguishable from the traditional manned camera 
with respect to the camera's image output. In addition, the invention addresses the 
economic issues of television and film production cost and increased efficiency and 
lower cost of operation to the end user. These benefits are made possible by the 
inclusion of a computer interface, which facilitates a limited number of technicians 
operating a large number of cameras. 

[0027] In one aspect of the invention, the pan/tilt head moves the camera around 
its e.g. with respect to both the vertical and horizontal axis. It does so however 
while maintaining a smaller more compact framework, which is situated directly 
below the camera. (Please note that the unit can be operated in an inverted position 
where the camera is suspended beneath the mount.) In one embodiment of the pan/tilt 
head, the camera is mounted onto a movable "sled" with circular runners, which 
travel on fixed roller bearings. As the sled rolls on its runners over the bearings, the 
camera is tilted up and down. Because the e.g. of the camera is positioned exactly at 
the center of the virtual circle described by the arc of the sled runners, it is not shifted 
either forward, backward, up, or down. The camera is also mounted with is e.g. 
directly on the vertical axis, so panning the camera left and right requires the 
minimum motor torque. 

[0028] Figure 1 depicts one embodiment of the pan/tilt head incorporating aspects 
of the invention with a 90-degree cutaway form. The vertex of the cutaway represents 
the center of the power transmission shafts for both the panning and tilting axis. The 
pan/tilt head includes a tilt motor 10, a worm screw 11, a worm gear 12, a tilt drive 
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shaft 13, a pan motor 14, a worm screw 15, a worm gear 16, a pan drive shaft 17, a 
pan drive belt 18, a pulley 19, a tilt drive belt 20, and a pulley 21. These components 
form separate pan and tilt drive trains. The camera is affixed to the mounting sled, 
which is composed of a sled top 22 and two sled runners 23. Supporting the 
mounting sled is a sled support, which is composed of a sled support table 24 and two 
sled support sides 25. Finally, the pan and tilt drive shafts are supported and allowed 
to rotate freely by a series of four bearing units. There are two pan drive shaft 
bearings 26 and two tilt drive shaft bearings 27. 

[0029] The configuration of the tilt drive train depicted in Figure 1 is chosen for 
its strength when heavier loads are to be carried by the sled top 22. Of course any one 
or more of the various screws, gears, shafts, belts, and pulleys making up the tilt drive 
train may replaced by one or more drive train components capable of accomplishing 
like or similar fiinctions. For example, Figure 10 shows many of the drive train 
components above the motor housing case top 28 replaced with several pulleys 32, 
33, 34 and a cable 35. 

[0030] In Figure 10, the pan/tilt head includes the tilt motor 10, the worm screw 
11, the worm gear 12, and the tilt drive shaft 13. A first pulley 32 is disposed at an 
end of the tilt drive shaft 13 extending through the motor housing case top 28 toward 
the sled top 22. Second and third pulleys 33, 34 are disposed at opposing comers of 
the sled support table 24. Ends of the tilt drive cable 35 are secured to opposite sled 
runners 23 at points near where the sled runner 23 meets the sled top 22 and opposite 
from ends of the sled runner 23 adjacent to the second or third pulley 33,34. Note that 
in the embodiment depicted in Figure 10, a groove 36 is formed in the bottom surface 
of both sled runners 23. The groove 36 is shown in more detail in a vertical cross 
section of the sled runner 23 taken parallel to the tilt £ixis (Figure 11). 
[0031] The drive cable 35 is wrapped around the first pulley 32, which acts as the 
main drive pulley, routed around the second and third pulleys 33, 34, which act as 
guide pulleys, and routed along the grooves 36 in the bottom surface of the sled 
runners 23 to the points at which it is secured. The drive cable 35 is tensioned so that, 
when the tilt motor 10 turns in one direction, a corresponding end of the sled is pulled 
downward and, when the tilt motor 10 turns in the opposite direction, the opposite end 
of the sled is pulled downward. In this way, rotation of the first pulley 32 pulls the 
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edges of one or the other sled sides toward the bottom of its rotation path, thus 
initiating the tilt motion. Although the embodiment with the cable may have less 
strength in heavy-duty applications, it has the advantage of greater accuracy, less 
backlash and fewer parts than the embodiment shown in Figures 1-3. 
[0032] The invention incorporates the concept of circular sled design in 
combination with control in the panning axis and other special features in the areas of 
remote control and power-assisted control. 

[0033] In the invention, the camera mounting structure (consisting of the sled top 
22 and runners 23 and sled support table 24 and sides 25) is isolated from the motor 
chassis with respect to both the paiming and tilting motions. This is to say that both 
motors and their housing remain stationary during both pan and tilt movement. This 
is accomplished by using a bearing and shaft assembly which transmits the driving 
force of both the panning and tilting motors to the mounting sled along precisely the 
same axial line. The pan drive shaft 17 which transmits the power from the parming 
motor to the sled assembly is hollow and acts as the housing for the tilt drive shaft 
bearings 27 and tilt drive shaft 13 which transmits the power from the tilting motor to 
the sled assembly. In the embodiment pictured in Figure 1, the sled support table 24 
is bolted rigidly to a flange at the top of the hollow pan drive shaft 17. A motor 
housing c£ise top 28 acts as the support stmcture for the outer races of both of the pan 
drive shaft bearing units 26. The outer edge of the flange of the pan drive shaft 17 
and a hexagonal locking ring 29 are the supports for the inner races of both of the pan 
drive shaft bearing units 26. 

[0034] Figure 2 is another view of the pan/tilt head shown in Figure 1 with a 
cutaway view through the sled top 22 and runners 23 and the sled support table 24 and 
sled support sides 25. This view also depicts a cutaway view of two sled mounting 
roller bearings 30 and 31. 

[0035] The embodiment of the pan/tilt head being described solves the problem of 
lateral movement of the mounting sled by shaping the bottom surface of one or both 
of the runners to form a point with respect to the cross section of the bottom of the 
runner. See the runner cross section in Figure 1 1 . The two surfaces that form the 
point fit securely into a v-grooved roller 29 rather than a flat roller bearing race. In 
one embodiment (Figures 1-3), the v-groove roller is on one side. This limits overedl 
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lateral movement without imposing reduced tolerances to ensure the sled does not 
bind between v-groove rollers on both sides should the sides of the sled become not 
parallel at any time for any reason. Nevertheless, the v-groove rollers 29 and sled 
runners 23 may be constructed with sufficient tolerances to permit the both runners to 
have pointed bottom surfaces in another embodiment (Figure 10). The two sled 
runners are held in contact with their races (flat on one side and v-grooved on the 
other) by an additional set of bearings which ride against a lip formed on the inside 
edge of the sled runners. Because of the additional set of bearings on the inside of the 
runners holding them against the extemal bearings, and because of the v-groove 
pulleys, the mounting sled is prohibited from unwanted movement in any direction. 
This configuration also allows the unit to be operated in an inverted position. 
[0036] The invention offers significant advantages to the film or television 
producer over other pan/tilt heads, including remote pan/tilt heads. Remote control 
cameras are often used because of particular constraints that makes a traditional 
manned camera difficult to employ. For instance (but not limited to), a camera placed 
inside a moving racecar, where there is very limited available space. The invention 
allows for a much more compact panning head for a given camera weight. Since both 
motors transmit their power along the same axis, they may be mounted side by side in 
a much smaller enclosure than another remote control head where the two motors 
need to be somewhat removed from each other and positioned along axes which are 
displace by 90 degrees from each other. Because the motors do not need to move 
their own weight as well as that of the camera, a less powerfial and quieter motor may 
be used for a given camera weight. Less audible noise is desirable, for example, to 
the producer of a musical or theatrical event where an audience is present. 
[0037] In several embodiments, the invention offers two types of control. One 
type of control, which may be less expensive, provides remote control via a computer 
interface. Another type of control provides power-assisted control via an 
electromechanical control arm. Power-assisted control maintains a high degree of 
control feedback and sensitivity and may be implemented for remote control or for 
local operator control of a manned camera. 

[0038] The computer interface in one embodiment of the invention goes farther 
than any system in production or described in the prior art to provide the operator 
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with visual cues for directing his cameras on his control screen. As previously stated, 
this option is provided as a less expensive control method so typically a standard 
computer mouse is used. However, a touch screen or 2iny other type of pointing 
device may be implemented. 

[0039] In the embodiment of the invention being described, the computer 
interface provides improved visual feedback cues with features not previously 
disclosed or produced. For example, as the operator positions his mouse cursor over 
the image on his monitor from the camera he wishes to control, a set of lines, one 
vertical and one horizontal, appear superimposed on his picture like "crosshairs." 
Any point in the picture may become the center of motion control depending on 
where the cursor is when the mouse button is depressed. When the button is 
depressed, the crosshairs become stationary and further movement (dragging) of the 
cursor results in the camera image following the cursor up, down, left and right. Once 
again, the distance from the movable cursor to the center of the crosshairs determines 
the speed. In addition to the crosshairs and movable center, several other visual cues 
are provided to the operator. As the camera is moved by the cursor, the computer 
constantly superimposes a dynamic vector line onto the image from the camera. This 
vector line moves as the mouse moves and appears to connect the mouse cursor and 
the center-position crosshairs, which were defined when the mouse button was 
pressed in the picture area of the monitor. This gives an instantaneous cue to the 
speed and direction as well as the path to be followed back to the center for a smooth 
gradual stop. 

[0040] Another efficient feature of the computer interface is a graphical aid to 
zooming and framing. Going back and forth between the zoom controls on the 
computer keyboard and the motion controls tends not to be as efficient and quick as it 
is for a manned camera operator. This system allows you to "drag-enclose" a 
graphical box directly on the camera image. This is done by clicking in the camera 
image on the computer screen at the point that you ultimately wish to be the upper left 
comer of your composed shot. When you drag the cursor down and to the right, a box 
is drawn in the camera image which maintains its correct aspect ratio for the format of 
the camera being controlled (for instance a ratio of 4 by 3 for an NTSC television 
image.) After the cursor is released, the composition box can either be moved slightly 
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or its size adjusted to fix the fi-aming. Then the camera is given the command to 
move to the position and lens zoom setting which will fill the camera output image 
with the image described by the composition box originally superimposed on the 
camera image. Figure 6 depicts the computer screen while the system is being 
operated. The upper right window in the screen represents the video control window 
for the camera that has been selected for manipulation. This, window normally 
displays the actual image fi-om the selected camera over which the control graphics 
described above is superimposed. Figures 7 through 9 depict a detail of the video 
control window during operation. In figure 7, the "cross-hairs" are shown positioned 
slightly to the left and above the center of the picture. This becomes the center of 
movement iand is the point where the cursor is retumed to in order to smoothly and 
gradually cease camera movement. Figure 7 shows the cursor cxirrently being 
dragged below and to the right of the center of movement. The vector line linking the 
cursor to the crosshairs represents the speed and direction of the camera movement. 
In figure 8 the resulting position of the camera is depicted. Note that the camera is 
now pointing to a position that is lower and to the right of figure 7. Figure 8 also 
depicts a zoom fi-aming box. After this box has been drawn by clicking and dragging 
the cursor with the appropriate fiinction key depressed, another function key will 
command the camera to move and zoom to the position which will fill the frame with 
the inscribed picture. The resulting framing for the camera after the move command 
is depicted in figure 9. 

[0041] An altemate method of control is the electromechanical positional control 
arm. As was stated earlier, in the past this type of controller was designed around a 
traditional pan/tilt head with the addition of encoders which gave positional 
information to the remote control pan/tilt head. The invention takes a different 
approach. Instead of a traditional panning head at its heart, this controller is 
comprised of a motorized pan/tilt head identical to the remote control head, and a 
control arm attached to the camera mounting sled. In one embodiment, instead of a 
camera on the camera mounting plate, a video monitor for the remote controlled 
camera is situated on the controller's mounting sled. This is depicted in figure 4. In 
this configuration, strain gauges or pressure sensitive resistors are housed in the 
handle, which sense the pressure that the operator applies to the control arm. Instead 
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of the hand pressure directly moving the control arm (as is the case with existing 
designs) the computer senses the pressxire and initiates a move command to the 
control arm motors as well as the identical command to the remote control camera 
head. The computer responds to varying pressure on the control arm with 
proportionally varied speed commands to both the control arm motors and the remote 
control pan/tilt head. Mounting the monitor directly on the panning head in this 
manner simulates the feedback that a traditional camera operator has as he looks 
through the viewfinder of a camera. The movement of the viewfinder and the 
movement of the camera are integrally locked together so that an experienced 
traditional camera operator can quickly begin using this remote control system 
without any additional training or practice. 

[0042] One of the features of this embodiment of the invention is that the pressure 
sensitive control arm can be used on a motorized panning head with a camera 
mounted on it instead of the monitor. This configuration then becomes a power 
assisted manned pan/tilt head with a camera as depicted in figure 5. This 
configxaration could simultaneously be used by the camera operator to remotely 
control other unmanned cameras. Once again it should be noted that the hand 
pressure applied to the handle depicted in figures 4 and 5 does not directly move the 
camera or monitor. This hand pressure is merely sensed by the microprocessor and 
translated into the pan and tilt 'motor speed controls. An advantage of this is that the 
pressure sensors in conjunction with the controlling computer software could be 
adjusted to move the heaviest of cameras with the slightest amount of finger pressure 
if so desired. This offers tremendous flexibility to a television or film producer. With 
a series of these power-assisted pan/tilt heads, each with their own camera and view- 
finder/monitor, a camera operator could simultaneously operate his own camera with 
greater ease or control the movement of any other camera in the system with no 
additional equipment. 

[0043] In addition to placing remote controlled cameras in inaccessible or 
dangerous locations for operators, another desirable feature of a camera control 
system is that one camera operator can command any number of cameras. In this 
embodiment of the invention, the computer software helps an operator manage, 
organize, and operate multiple cameras. For instance, this system may be used in the 
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production of a dramatic or musical program where a series of preset camera positions 
prepared before the performance is stored and organized in the computer as a "cue 
list." Each preset shot or "cue" is prepared by moving the desired camera to the 
position and lens setting desired by the director. The camera is moved by any of the 
controller options described above. When the command to store the preset is given, 
the lens settings (which include the focus, iris, and zoom setting) are stored in a 
database entry for each cue or preset along with the pan and tilt position of the camera 
mount and the cue number. Each of the shots appear in a computer window filled 
with small thumbnail images representing all of the shots firom many different remote 
control cameras that will be used during the performance. This cue-list window can 
be seen in the left portion of figure 6. The shots appear in the order that they are 
intended to be used regardless of which camera is used for each shot. In general, 
consecutive presets employ different cameras, however if the director wants to 
program a dynamic camera move to appear on the program output, this is represented 
in the cue list by consecutive presets for the same camera. The two presets represent 
the starting and ending point for that programmed camera move. In this case, 
information is stored in the cue list database to represent the speed at which the 
camera should move from its starting to its ending position. 

[0044] At the beginning of the program, all of the cameras are positioned to their 
respective initial presets. At that point, all the operator need do is hit the "return" key 
when each successive shot is needed. The computer then triggers a video mixer to 
make the programmed transition fi'om one camera to another on the main program. It 
is this video mixer which routes the desired camera output either to broadcast air, 
video tape recorder or a projection monitor where it will ultimately be seen by the 
audience. When the video mixer transitions from one camera to another, the camera 
which was previously seen, is now free to be moved by the computer to the next 
position in which it will be used in the cue list. In addition to the preprogrammed 
camera moves described above, a remote camera operator could override computer 
control at any moment and move any of the cameras including the "on air" camera if 
he so desires. Also, in a situation between that of total manual override and total 
computer control, the computer still maintains the order of shots required by the 
programmed cue list. The computer automatically provides the remote control 
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camera operator with control of the specific camera that is appearing on the air at that 
moment. This frees the operator from keeping track of which camera was required 
for which shot and in which order. In addition, control of the preview camera (the 
camera that is designated to be seen next) could be routed to a remote control camera 
operator so he could make any adjustments to the camera that are needed before the 
camera appears "on air." In this way, two or three people could competently manage 
a production involving a large number of cameras. 

[0045] The system offers several features for managing several remote control 
cameras in a production that is not entirely scripted, such as a sporting event. Several 
preprogrammed shots for each camera appears in the computer control window sorted 
by camera number rather than a nimibered cue list. The director could quickly select 
a shot by clicking that shot's thumbnail image and the designated camera is instantly 
sent to that position. 

[0046] One of the features of the computer interface is the ability to calculate the 
position of a subject in three-dimensional space from the position of two and in some 
cases one camera trained on that subject. If one remote control camera is placed at a 
sufficient and known height above a plane such as a stage, studio or playing field, the 
computer calculates the position of a subject on that known plane based on the pan 
and tilt positions of that elevated camera. The computer must be given the height of 
the camera above the stage or field, and then as the camera operator moves the master 
camera to follow the subject, the position of the subject on that stage or field may be 
calculated using the following formulae: 
D = H * tan(90-t) 

And 

L = D * tan(p) 

Where 

D = depth or distance of subject to vertical line of camera position 

L = lateral displacement of subject from center line of stage or field 

t = the tilt angle from horizontal 

p = the pan angle from the center line of the stage 
[0047] Using similar formulae the computer may then direct any of the other 
remote control cameras in the system to the previously calculated subject position. 
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The computer needs the pan and tilt angle and the distance from the original master 
positioning camera located above the plane of the stage or field to any other desired 
slave camera in the system to do so. The pan and tilt angles may be derived from 
simply sighting the slave remote control caimera in the center of the field of view of 
the master positioning camera. The distances between each of the cameras and the 
subject are also calculated for the purpose of focusing each of the camera lenses 
automatically. If it is not possible to elevate one camera above the subjects then two 
remote control cameras in the system may be focused on a subject from different 
locations. When the computer is given the accurate distance between the two locator 
camera positions, the system is able to focus all the other remote control cameras in 
the system on a subject based on the triangle formed by the two locator cameras and 
their respective pan and tilt positions. 

[0048] The embodiment of the remote control pan/tilt head described above 
allows for several production configurations that are possible with earlier designs. 
Because the camera moimting structure is isolated from both the pan and tilt motors, 
the shafts can be elongated to the point where the mounting sled can be situated far 
above the actual motors driving the sled. This can be seen in Figure 3, which shows 
the invention with extended pan and tilt drive shafts. This allows a support to house 
the motors near the floor where their weight adds to the stability of the stand rather 
than positioning them at the top of the stand which needs to be stiffer and heavier as a 
result. This also results in a smaller visual profile exposed to a studio or live audience 
that may find a larger camera control configuration more visually intrusive. Figure 3 
does not depict all of the support structures which are required for the operation of 
this or any remote control system, but shows the main parts of the invention which 
could be incorporated into a stand or mount to gain the benefits mentioned in this 
paragraph. 

[0049] Another embodiment of the invention is its use with a camera "crane" or 
"camera jib arm." This is an apparatus that holds a camera out at the end of what may 
be a very long extension arm. The arm is generally too long to be reached by the 
camera operator so the camera must be moved by some manner of remote control. 
The most common way to control the camera at the end of the crane arm is 
mechanically. In this method, a camera direction control rod is mounted beside the 
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main crane arm to form a pantograph system. In this way, as the main crane arm is 
moved, the camera always remains directed along a line that is parallel to its original 
position. Another pantograph arm can be situated beneath the main crane arm so that 
as the crane is lifted up and down, the camera retains its original tilt angle with 
respect to the ground or floor. This invention accomplishes the remote control of the 
camera electromechanically. 

[0050] The computer control system in this invention makes certain control 
options available which have not been present in previous systems. With the purely 
mechanical system, the advantage is that when the main crane arm is elevated or 
rotated, the camera maintains its directional orientation without attention from the 
camera operator. The disadvantage is that the subject is usually close enough to the 
crane that as the crane arm is manipulated, small adjustments to the camera direction 
need to be made to keep the subject framed in the camera image. With an 
electromechanical remote control pan/tilt head as well, the operator of the crane is 
obliged to manipulate the camera pan/tilt controls as he is moving the crane in order 
to keep the subject framed in the camera image. 

[0051] With the invention, the camera/crane operator can be freed of many of the 
control requirements by the computer control system. In this embodiment of the 
invention, the remote control pan/tilt head can be situated on the end of a crane that 
has been outfitted with two rotation encoders at the fulcrum of the crane. By reading 
the output of these encoders, the computer senses the orientation of the crane arm and 
adjust the pan/tilt head accordingly. As the crane is elevated or rotated, the computer 
could be set to respond in one of several modes. In one mode, the computer could 
keep the camera oriented in a line that is parallel to its position before the crane arm 
was moved. This is einalogous to the situation with the mechanically controlled crane. 
[0052] In zmother mode, the computer allows the operator directional control of 
the pan/tilt head just as any remote control head for cameras has done in the past. In 
another mode the operator has the unique ability to input the distance from the crane 
to the subject. At this point the computer is able to automatically keep the subject 
framed within the image frame without any additional input from the operator as the 
crane arm was manipulated. In yet another mode, the camera/crane operator is 
responsible for keeping the subject in focus by manipulating the remote focus controls 
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of the invention. The computer calculates the distance to the subject from the focal 
length of the lens. Then once again, as in the previous mode, the computer could 
keep the subject framed in the camera image regardless of the crane arm orientation. 
[0053] In suinmary, various aspects of the camera control system in various 
embodiments have been described herein. For example, in one aspect, the dual shaft 
drive in the pan/tilt head allows the camera to move independently from the motor 
chassis. In another aspect, the computer interface offers graphical assistance to the 
operator while providing a low cost control option. In yet another aspect, the addition 
of an electromechanical control arm to the pan/tilt head serves as an intuitive natural 
controller for a remote control camera. I have also discussed an embodiment that 
places a camera directly on top of this pan/tilt head /control arm combination to 
provide "power assisted" control of a manned camera head. Given the tremendous 
cost involved in producing a traditional camera head that can easily support and move 
the largest film and studio cameras with minimal operator force, this is a valuable 
aspect of the invention. Still another aspect of the invention involves the use of the 
p£in/tilt head on an extended crane or "jib arm", with computer-assisted positioning of 
the pan/tilt head as the crane is rotated or elevated. 

[0054] While the invention is described herein in conjunction with exemplary 
embodiments, it is evident that many altematives, modifications, and variations will 
be apparent to those skilled in the art. Accordingly, the embodiments of the invention 
in the preceding description are intended to be illustrative, rather than limiting, of the 
spirit and scope of the invention. More specifically, it is intended that the invention 
embrace all altematives, modifications, and variations of the exemplary embodiments 
described herein that fall within the spirit and scope of the appended claims or the 
equivalents thereof. 
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